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Only five (5) of the six (6) questions in this examination paper need to be answered. Each is of 
equal marks. 


Start each question on a new page. Identify clearly which question you are answering. 


Question 1 (20 marks) 


Question | is composed of 15 multiple choice questions. All parts should be completed and the 


answers transferred to your Answer book. 
1. | Genetic variability arises during meiosis from 


a) Crossing over between non-homologous chromosomes. 
b) Random alignment of chromosomes at metaphase. 
c) Crossing over between homologous chromosomes. 


d) Both b) and c) contribute to variability. 


2. What situation is said to have occurred when many members of a group die and only a few are 
left, by chance, to replenish the numbers? 


a) Geographical isolation. 
b) Natural selection. 
c) Population bottleneck. 


d) Founder effect. 


3. If one parent has O blood group and the other is AB, with respect to this gene system only, what 
type of blood group could children of theirs have? 
a) A only 
b) B or O only 
c) AB only 
d) A or B only 


4. A genetic counsellor is involved in 


a) Helping parents understand what has happened to their child 
b) Gathering family information for a pedigree 
c) Explain to parents their reproductive options if they are planning a family 


d) All3 options are roles of a genetic counsellor 


Question 1 is continued on the next page. 
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What situation is necessary for a population to be in Hardy-Weinburg equilibrium? 


a) Migration to bring in more people to the population 
b) Selection against a disease causing allele 
c) Random mating between the sexes 


d) Men and women to have different allele frequencies 


In a population of 450 frogs 250 have brown skin while 120 have an intermediate greeny-brown 
skin and 80 have light green skin. The light green frogs are homozygous. What is the most 
likely genetic relationship between the two skin colour alleles to produce the greeny-brown skin 
colour? 


a) Incomplete dominance due to the joint expression of the two alleles. 
b) Codominance due to the joint expression of the two alleles. 
c) Sometimes dominance, sometimes recessiveness. 


d) Dominance of light green over brown. 


In the frog population described in question 6, the allele frequency of the light green skin allele 
is 


a) 0.18 
b) 0.31 
c) 0.45 
d) 0.75 


The overall phenotype of an individual 


a) Can change over time. 
b) Is influenced by the environment it lives in. 
c) Is influenced by its genotype. 


d) All 3 statements are correct. 
The process of polymerase chain reaction (PCR) is a useful tool for geneticists because 


a) Itcan be used in the forensic comparisons of suspects and victims. 

b) Itcan use RNA to make multiple copies of proteins like in a cell. 

c) It can use DNA to make multiple copies of relatively short lengths of DNA for 
multiple uses. 


d) Botha) and c) are possibilities. 


Question 1 is continued on the next page. 
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10. The mRNA sequence 5’ GCAUGUAUGCUCUACCC 3’ | is transcribed from the 
beginning of gene. Using the translation table at the end of the exam paper the corresponding 
amino acid sequence is 


a) Alanine, cysteine, methionine, leucine, tyrosine, proline 
b) Methionine, tyrosine, alanine, leucine, proline 
c) Proline, isoleucine, serine, tyrosine, valine, arginine 


d) Can’t be determined as there is no start signal at the beginning. 


11. Following from Question 10 if a mutation occurs in the DNA and leads to a change in the 3" U 
to an A to give the sequence 5’ GCAUGUAAGCUCUACCC 3’ | the resulting 


protein would 


a) Show no change at all as the number of bases stays the same. 

b) Would have methionine replaced by lysine. 

c) Would not exist as a stop codon appears straight after the beginning. 

d) No change in the protein as a change in the DNA would not affect the RNA as A is 


complementary to U. 


The next 2 questions refer to the following diagram. 


I 
II 
3 
Ill Hs Key 
® = Have the trait 


om 
Don’t have the trait 


Question 1 is continued on the next page. 
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The most likely inheritance pattern for the trait shown in the pedigree above is 


a) 
b) 
c) 
d) 


Autosomal recessive 
X-linked dominant 
X-linked recessive 


Cytoplasmic 


The future children of the individual identified as II-3 is likely to 


a) 
b) 
c) 
d) 


All show the trait as this person has it irrespective of the partner’s genotype. 
Have 50% chance of showing the trait if the partner does not have the trait. 
Will not show the trait if the partner does not have the trait. 


Have a 50% chance of showing the trait if the partner has the trait, too. 


The nucleic acid molecules involved in translation are 


a) 


DNA and mRNA 
mRNA and tRNA 

tRNA and rRNA 

mRNA, tRNA and rRNA 


The dairy bull Butch is used over many cows as he is supposed to be able to pass on a variety of 
genes related to producing good milk quality in his daughters. This is 


a) 
b) 
c) 
d) 


Possible because the genes are on the X chromosome. 
Possible because the genes are autosomal and expressed in all cattle. 
Possible because the genes are most likely autosomal but show sex-limited expression. 


Not possible as Butch can’t produce milk so all milking genes would come from the cows. 
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Question 2 (20 marks) 


Answer both sections of this question. 


a) DNA holds the basic language that controls all the cell’s processes. Identify the components 


of DNA and describe how they interact to make the DNA molecule. Diagrams may be used 
to support your answer. (10 marks) 


b) Describe how replication of DNA occurs. Diagrams may be used to support your answer. (10 


marks) 


Question 3 (20 marks) 


Answer all parts of this question in order. 


Mr Spock is the Science Officer on the starship Enterprise. His father is Vulcan and his mother from 


Earth. A Vulcan has pointed ears determined by the P allele and V-shaped eyebrows determined by 


the V allele. Consider there ae only two alleles for each of these autosomal genes and all Vulcans as 


well as all people from Earth are homozygous but for the different alleles. 


i: 


il. 


ill. 


iv. 


Considering the 2 genes what are the genotypes for Mr Spock and his parents? (3 marks) 


If Mr Spock marries an Earth woman and there is no genetic interference, what would you 
expect the possible phenotypes and probabilities for each of any children they may have? At 
this stage consider the genes to be unlinked. Show all your working out. (6 marks) 


For a while it was thought that these two traits (eyebrow and ear shape) to be determined by 
the same gene. It has now been shown the genes are quite close together on the same 
chromosome. Would this change your answer for part (B)? How would it change? (3 
marks) 


Two more genes have now been linked to the Eyebrow and Ear shape genes. These 
determine the placement of the heart to the right side of the chest (R) and the presence of 
lobed adrenal glands (A) both homozygous in Vulcans. People from Earth have left- sided 
hearts (r) and single adrenal glands (a). 


Question 3 is continued on the next page 
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Using the map distances between the genes as shown in Table 1 complete a linkage map of the 
chromosome on which these 3 genes reside. (4 marks) 


Table 1: Map distances 


Gene 

combinati Map distance cM 
on 

P-R 35 

A-R 20 

A-P 15 


V. If the distance P — V is 0.5 cM can you tell where the V gene is? What other information will 
you need to decide? (2 marks) 


Vi. It has now been shown that the P gene is 10 cM from the telomere and the V gene is 9.5 cM 
from the same telomere. Redraw the linkage map placing the V gene on it. What is the 
estimate for the distance between the V and A genes? (2 marks) 


Question 4 (20 marks) 
Answer all parts of this question. 


In less than a tenth of a percent (< 0.1%) of men who are infertile, sperm cells lack a properly formed 
tip, the acrosome. The enzyme required to break down the oocyte layers collect here. This means 
these men have no place for these enzymes to be held. Research from an Ashkenazi family revealed 
that a gene SPATA16 on chromosome 3 is responsible. Men with the condition are said to have 
globozoospermia. The Brown family has also been involved in the study and is represented in the 
following pedigree. 


I a O Key 


Men with globozoospermia 


CO O Unaffected women and men 


II 


a) Determine the complete mode of inheritance of globozoospermia. What are your reasons for 
this decision? (3 marks) 


b) What does the symbol below represent? Could they express the trait? Why? (3 marks) 


© 


Question 4 is continued on the next page 
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e) 


g) 
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Identify the members of this family who are known heterozygotes for the SPATA16 gene. Is 
there anyone else that you can say could be heterozygotes? Identify them. (3 marks) 


The SPATA16 gene has been sequenced and found to have 11 exons. What is an exon? If the 
transcribed mRNA starts and ends with an exon draw a sketch of the mRNA identifying the 
individual parts. Number the exons El, E2 etc. What else is present? Number them 
sequentially using a similar code. (5 marks) 


The mutation identified in the SPATA16 allele that leads to globozoospermia is a base change 
from G to A at the 848" position in the gene, near the end of exon 4. The mutation likely 
upsets splicing. What does this mean? (2 marks) 


If son II-2 marries a heterozygous lady what is the probability of any son of theirs displaying 
the condition? Why? (1 mark) 


If son II-8 marries a carrier lady what is the probability of a son of theirs displaying the 
condition? Show all calculations. (3 marks) 


Question 5 (20 marks) 


Answer all parts of this question. 


The presence of an extra row of eyelashes is an autosomal recessive trait. Assume there are only 2 
alleles for the gene responsible. On an island in the South Pacific 900 out of 10,000 residents have 
these eyelashes. 


a) What is the frequency of the two alleles? Work to 3 decimal places. (4 marks) 


b) Without doing any calculations at the moment, would you expect this population to be in 
Hardy-Weinberg equilibrium for the eyelash gene? Why? (3 marks) 


c) Ifthe population is in Hardy-Weinberg equilibrium what frequencies would you expect 
for the three genotypes? (3 marks) 


d) What numbers would you expect for the three genotypes in this population if it is in 
Hardy-Weinberg equilibrium? (3 marks) 


e) Using a chi-square goodness of fit test determine if this population is in Hardy-Weinberg 


equilibrium. (3 marks) 
_RFy)2 
a 


Table 2: Critical degrees of freedom for a y? test 


df 5% critical value 
1 3.84 
2 5.99 
3 7.82 


Question 5 is continued on the next page 
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g) 
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Greta lives on this island and knows she is a carrier for this gene because her father has 
double eyelashes. She wants to have children that do not have the double eyelashes. What 
genotype must her prospective husband have to ensure this? (1 mark) 


She decides to marry a man with normal eyelashes. What is the probability that a child of 
theirs will have normal eyelashes? (3 marks) 


Question 6 (20 marks) 


Answer all parts of this question. 


a) 


b) 


oS) 


After fertilisation a zygote undergoes mitosis. Outline this process describing what 
happens at each stage and describe the genetic constitution of daughter cells. Diagrams 
can be used to aid your summary. (10 marks) 


A baby is born that appears to be male due to the presence of male genetalia. However 
during the post-natal screening Guthrie’s test it was found that a Barr body was present in 
the white blood cells. What genetic explanation can be given for this finding? (5 marks) 


Alicia and Jasmin are twin sisters. Their father is German and their mother Jamaican - 
English. The girls look different especially in skin colour — Alicia has a Jamaican 
colouring like their mother which is slightly lighter than their pure bred Jamaican 
grandmother. Jasmin is light skinned like their father. Explain how this is possible. Can 
you say for certain what their older brother James’ skin colouring would be without seeing 
a photo of him? Why? (5 marks) 


A translation table is on the next page. 
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Table 3: The mRNA Genetic Codon Translation Table 


Second ribonucleotide 


First ribonucleotide - 5’ 


U 

Cc 

A 

G 

U 

Cc} x 

A a 
= 

G s 
5 

U oO 
=] 

Cc 2 

A em 

G 

U 

Cc 

A 

G 


Name Abbreviation 
Alanine Leucine Leu 
Arginine Lysine Lys 
Asparagine Methionine Met 


Aspartate (Aspartic Phenylalanine Phe 
acid) 


Cysteine C Proline Pro 


Glutamate Serine Ser 
(Glutamic acid) 


Glutamine Threonine Thr 
Glycine Tryptophan Trp 
Histidine Tyrosine Tyr 
Isoleucine Valine Val 


Please remember - This examination question paper MUST BE HANDED IN. Failure to do so may 
result in the cancellation of all marks for this examination. 
Writing your name and number on the front will help us confirm that your paper has been returned. 
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